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We have built molecular models of collagen type I from a patient with lethal osteogenesis imperfecta incor- 
porating one or two mutant a,(I)-chains which contain a cysteine substituting a glycine near the C-terminal 
end. In either case, the cysteines can only be accommodated with considerable distortion of the native colla- 
gen structure, which disrupts inter-chain contacts. The disturbance of the triple helix is limited to a small 
local region. This suggests that the most important consequence of the mutation is delayed helix formation 
leading to overmodification and decreased collagen production, rather than the structural abnormality of 
the folded molecules, which are only marginally unstable. 
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1. INTRODUCTION 
Recently, a patient with perinatal lethal 
osteogenesis imperfecta has been described in 
which the abnormalities are attributed to mutant 
collagen ml(I)-chains [l]. Both al(I)- and &I)- 
chains of collagen molecules which contained 
either one or two mutant al(I)-chains were found 
to undergo excessive lysyl hydroxylation and 
hydroxylysyl glycosylation. Such molecules 
showed a melting temperature of 38°C instead of 
the normal 41°C. Increased intracellular degrada- 
tion of newly synthesized collagen, delayed secre- 
tion and decreased accumulation of extracellular 
collagen were observed. Collagen fibril diameters 
were found to be unusually small. 
Biochemical analysis [1] and DNA sequencing 
[2] have served to locate the mutation near the C- 
terminal end of the triple-helical domain of the 
ruj(I)-chains, where a cysteine is substituted for a 
glycine at position 988 due to a point mutation 121. 
Collagen molecules containing two such mutant 
al(I)-chains were found to have inter-chain 
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disulfide bonds. It was proposed that this mutation 
would cause at least local distortions in the struc- 
ture of the collagen molecule, which might account 
for the observed abnormal physicochemical and 
biological properties. Therefore, we decided to in- 
vestigate, with the aid of molecular models, what 
the nature and extent of the confbrmational altera- 
tions engendered by the mutant sequence might be. 
The type I collagen molecule has a 3-stranded 
(rope-like) or triple-helical structure (fig. 1) exten- 
ding over 1014 amino acid residues with short non- 
helical or telopeptide regions at either end. Of the 
3 polypeptide chains per molecule, the @z(I)-chain 
differs somewhat in sequence from the two iden- 
tical rut(I)-chains, but all 3 conform to the 
polytripeptide sequence (GIY-X-Y)~ over the triple- 
helical domain. The X and Y positions can accom- 
modate any amino acid residues, with only a few 
exceptions, but substitution at a glycine position of 
any other residue would be expected to interfere 
with inter-chain contacts and hydrogen bonding 
[31. 
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2. MATERIALS AND METHODS 
We have used two kinds of molecular models in 
our study; CPK space-filling models designed to a 
scale of 1.25 per A, and Labquip ball-and-rod 
models with a scale of 1 .O cm per A. We first built 
the models to conform to the regular triple-helix 
conformatjon 141, and then tried to find the least 
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Fig. I. Triple-helical conformation of collagen. In this 
model the 3 polypeptide chains are staggered by one 
amino acid residue in the order LYE (stippled), a~ (cross- 
hatched) and tyr (white). equivalent amino acid residues 
on the 3 a-chains have the same number at the a-carbon 
atoms. Every third residue (i.e. 1, 4, 7 and lo), marked 
with an X on the cr-carbon, can only be glycine. 
Positions of nitrogens (N), oxygens (0) and side-chains 
(R) are indicated onIy in the C-terminal chain; other 
atoms are carbons (large circles) or hydrogens (small 
circles). There is one inter-chain hydrogen bond per 
tripeptide, indicated by . . . . . , linking the NH of glycines 
to the CO groups of residues - 1,2, 5 and 8. The double 
line indicates where the disulfide bond between cysteines 
of the N- and C-terminal rur(I)-chains in the mutant 
collagen would be. Hydrogen bonds in the vicinity of the 
disulfide bond are indicated by arrows. 
distortions required to accommodate cysteine 
residues, joined by a disulfide bond, at two 
equivalent rui(I) glycine positions. 
In building models we have considered two 
situations depending on the position of the crz(I)- 
chain relative to the two a,(I)-chains. If cuz(I) were 
the middle chain (shown cross-hatched in fig.l), 
the distance between equivalent glycine a-carbon 
atoms in the ai(chains of the undistorted col- 
lagen molecule would be some 6.4 A. However, 
this distance would be only 3.7 A if @Z(I) were in 
the N-terminal or C-terminal position. The LY- 
carbon to a-carbon distance in a fully extended 
disulfide bond would be 7.0 A, and in a number of 
well-defined protein crystal structures it has been 
found to range between 4.8 and 6.5 A [5]. 
3. RESULTS AND DISCUSSION 
We have been able to build what appears to be 
a quite plausible model with the cYz(I)-chain in the 
middle position (figs 1 and 2). In the model the two 
cui-chains are pushed apart forming a groove to ac- 
commodate the two extra carbon atoms and two 
sulfur atoms of an extended disulfide bond. This 
involves rupture of the hydrogen bond between the 
two cyr(I)-chains in the immediate vicinity of the 
mutation, but the adjacent hydrogen bonds, 
though somewhat distorted, may still remain 
intact. 
If the chain sequence were CYI, CQ, lyz, or CYZ, NI, 
al, an jnter-chain disulfide bond could also be 
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Fig.2. Space-filling model of triple-helical domain of mutant collagen with cysteine residues, substituted for two 
equivalent glycines in cur(I)-chains, joined by a disulfide bond. In this model the 3 polypeptide chains are staggered by 
one amino acid residue in the order cyr, ~2, LYI. Arrows indicate NH (residue 4) and CO (residue 5) the components 
of the hydrogen bond between N- and C-terminal al(I)-chains disrupted by the disulfide bond. Note the compactness 
of the collagen triple helix on either side of this ‘bubble’. 
built into the model, but somewhat less elegantly. 
Because of the closer distance between the two 
glycine a-carbon atoms in the undistorted triple 
helix, the two cYr(I)-chains would have to be pushed 
further apart to accommodate anormally extended 
disulfide bond, with the disruption of probably 
two or more adjacent inter-chain hydrogen bonds. 
Though the sequence of polypeptide chains in 
the collagen molecule has not been determined 
unequivocally, circumstantial evidence based on 
maximisation of stabilizing inter-chain in- 
tramolecular interactions favors the sequence aI, 
a~, LYI [6]. In either case, it is clear that substitution 
of cysteine for a glycine must cause some disrup- 
tion of inter-chain contacts and hydrogen bonding. 
(Even molecules containing only one mutant cur(I)- 
chain cannot accommodate the cysteine side chain 
without considerable deviation ,from the regular 
collagen triple helix. However, in this case we have 
been able to maintain all the inter-chain hydrogen 
bonds in the molecular model, by appreciably 
distorting the collagen structure.) 
This would be expected to delay triple-helix for- 
mation, which is known to start at the C-terminal 
end [7], and consequently allow increased lysyl 
hydroxylation and hydroxylysyl glycosylation of 
the bulk of all 3 a-chains on the N-terminal side of 
the mutated residue(s). The model studies show 
that the disturbance in the triple helix is probably 
limited to a small local region and that therefore 
the decrease in melting temperature is rather sub- 
tle. However, they do not allow an estimate of the 
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conformationally altered region towards the N- 
terminus and which allows overmodification. 
Direct kinetic measurements of helix formation 
could provide this information. 
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